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Establishing genetically diverse communities that can adapt to dynamic selective 
pressures is crucial in ecological restoration. However, the genetic structure of native 
plant species used for restoration is often poorly understood. Pseudoroegneria spicata, is 
a keystone species of the Inland Northwestern US that has become a staple in 
commercially available restoration seed mixes. It is abundant in remnant prairies of the 
endangered Palouse Prairie ecoregion, which is characterized by rolling hills of deep 
loess soil. Less than 1% of native Palouse Prairie is left, due to agricultural conversion, 
with remnants highly fragmented and isolated. P. spicata is also common in nearby 
Channeled Scabland habitats formed by flooding during the last glacial advance and 
characterized by relatively shallow soils. Previous studies of the genetic structure of P. 
spicata have not included populations from the Northern Palouse and Channeled 
Scablands. My goal was to assess the genetic structure of P. spicata across Palouse 
Prairie remnants and Channeled Scabland habitats in Eastern Washington, and determine 
relatedness to commercial seed. I hypothesized that habitat differences between the 
Palouse and Channeled Scablands would lead to genetic differentiation between P. 




material would be more closely related to plants from our sampling locations than plant 
material collected from a larger nearby area and pooled. Plant DNA samples were 
collected from six locations in the Channeled Scablands and Palouse Prairie and two 
commercial sources. I calculated inbreeding coefficient, conducted principal component 
analyses, and used Bayesian cluster analysis to test for inbreeding, differentiation of 
populations, and relatedness of native propagule sources. Pseudoroegneria spicata 
differentiated along a north-south latitudinal gradient instead of between different habitat 
types. Commercially sourced seeds from a certified source-identified provenance were 
more closely related to northern sites, while seeds sourced from the larger region were 
more similar to southern sites. There were no signs of inbreeding in commercial seed 
sources, however I found possible evidence of hybridization at a native seed nursery. 
Samples from one of the larger Palouse remnants had a lower inbreeding coefficient than 
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Establishing genetically diverse communities that can adapt to dynamic selective 
pressures is a challenge that must be addressed in ecological restoration (Kilkenny et al. 
2013). Many restoration projects use native seed mixes with local propagule sources for 
each species in the mix (Aavik et al. 2011). This creates a restoration site with similar 
appearance and ecosystem functions to remnant sites that have remained mostly 
untouched since human colonization (Larson et al. 2011). The genetic structure of the 
native plants in the mix, and the local population area must be defined to best source each 
propagule in the seed mix (Aavik et al. 2011). Once the local population area is defined, 
propagule sources for each species in the mix can be identified. 
Restoration sites with locally adapted genetically diverse plants are best suited to 
provide ecosystem functions, support native organisms, and persist within local climate 
and soil types (Johnson and Agarwal 2005, Aavik et al. 2011). Using genetically diverse 
seeds in restoration can produce larger, more robust plants in the site (Bischoff et al. 
2010). Restored populations deficient in genetic diversity may to struggle to adapt to 
selective pressures caused by changing climates (Basey et al. 2015).  
Local adaptation of plant material is equally as important as genetic diversity, this 
is because phenological traits such as germination and flower timing evolve to be best 
suited to local climates (Clausen et al. 1941, Bischoff et al. 2010). Identification of rare 
genotypes contained within fragmented or ecologically unique habitats should be 
prioritized because they may become important to the species’ ability to adapt to 
changing conditions (Dolan et al. 2008, Rodriguez-Quilon et al. 2016). Parameters such 




to identify appropriate propagule sources for use in restoration (Kilkenny et al. 2013, St 
Clair et al. 2013 Gibson et al. 2019). Genetic analyses have also been used; This allows 
identification of local genotypes, reducing the risk of introducing maladapted genotypes 
which can cause cause outbreeding depression (Crémieux et al. 2010). 
Sufficient genetic diversity within seed mixes is important because it can provide 
habitat structure for native organisms. Microhabitats created by different genotypes 
within a single population of plants can support a range of native organisms (Johnson and 
Agarwal 2005). In addition to supporting local native species, plants propagated from a 
provenance (the location from which propagules are sourced or originated) other than 
what they are currently adapted to may not survive with disease and pest pressures in the 
new location (Schoen and Brown 2001). Therefore, identification and use of local 
propagule sources ensures the best performance of the restored community (Bischoff et 
al. 2010, Aavik et al. 2011).  
Native plant material used in restoration projects is often purchased from 
commercial production facilities, and there are several practices these facilities should 
follow to ensure production of local and genetically diverse provenances. Some 
efficiency practices can promote maladapted genotypes or low genetic diversity in 
commercial seed, creating outbreeding depression and founder effects in the restoration 
site (Fant et al. 2008, Aavik et al. 2011). For example, accidental selection may occur in 
for plants that are larger, flower sooner, and produce more seeds than their wild relatives; 
however, this can come at a trade off with the plant’s viability in the wild (Schröder and 
Prasse 2013b). Implementing measures to prevent loss of seeds in processing and 




genetically diverse propagules (Basey et al. 2015). Additionally, native plant nurseries 
should regularly refresh their seed provenances with seed sourced from wild sites to 
avoid alteration of life history traits within propagules over time (Schröder and Prasse 
2013a). 
One widespread native grass that is used in restoration projects across western 
North America is Pseudoroegneria spicata (Pursh) Á. Löve (bluebunch wheatgrass). P. 
spicata is a native cool-season bunch grass that is valuable in habitat restoration because 
it is drought tolerant and resistant to invasion promoting early survival and establishment 
(Ogle et al. 2010, Davies and Johnson 2017). Because of its wide use and range, there are 
many native plant nurseries that sell P. spicata from a variety of provenances (personal 
observation). P. spicata rarely reproduces rhizomatously and is highly self-sterile making 
pollen and seeds the prominent method of gene dispersal (Keller 1948, Jensen et al. 1990, 
Hitchcock et al. 2018). 
Studies of the genetic structure of P. spicata populations can be used to choose 
propagules sources for restoration, however this level of understanding is not available 
for all regions. Seed transfer zones have been defined for P. spicata in North America 
using common gardens and climate data, amplified fragment length polymorphisms 
(AFLPs), and Microsatellites (Larson et al. 2004, Fu and Thompson 2006, St. Clair et al. 
2013). More recently genotyping by sequencing (GBS) identified five P. spicata genetic 
clusters across Utah, Nevada, Idaho, Oregon, and Washington (Massatti et al. 2018). One 
region where understanding of population genetic structure for P. spicata is lacking is the 
northern edge of Palouse Prairie Ecoregion and the Channeled Scablands in the Inland 




The Palouse Prairie was formerly an abundant ecosystem that extended 16,000 
km2, but it is now limited to less than one percent of its original range (Noss et al. 1995, 
Sanchez-de Leon and Johnson-Maynard 2013). Fragmentation caused by land use 
conversion in this habitat may have genetic implications for local plant communities. The 
Palouse Prairie is characterized by deep, wind-blown, loess soils that accumulated during 
the Pleistocene atop thick basalt bedrock (Bryan 1926). After the last glacial advance, 
catastrophic floods with high volumes of water carved large areas of loess soil down to 
bedrock, giving them a thin profile and creating the Channeled Scablands (Bretz 1925). 
These Channeled Scablands weave through what was the northern extent of the Palouse 
Prairie leaving islands of loess soil surrounded by thin rocky soil over basalt (Bretz 
1925). While islands of loess soil in and around the Channeled Scablands are not part of 
the EPA level IV Palouse Hills ecoregion, they are included in broader definitions of 
Palouse Prairie (Bowlick et al. 2015), have similar loess soil and plant communities, and 
were considered Palouse Prairie for this study (Figure 1, U.S. EPA 2013). In areas where 
deep loess deposits remain, soils retain moisture throughout the dry season which has led 
to their use for cultivation (Bryan 1926).  
Conversion of the Palouse Prairie to agricultural crop land has led to ecological 
problems leading to a need for restoration. Starting in the 1870s, European-Americans 
began to colonize the area and ultimately converted 99% of the prairie to agricultural 
crops (Noss et al. 1995, Duffin, 2007). Habitat fragmentation caused by conversion of 
large areas to crop fields has relegated the remaining remnants of Palouse Prairie to 
isolated small islands of habitat that were inconvenient for plowing. Depending on the 




within them may be reproductively isolated and contain rare genes. Moreover, extremely 
small and isolated habitats may suffer from inbreeding depression and genetic drift 
(Ellstrand and Elam 1993).  
To aid recovery of the Palouse Ecosystem, Eastern Washington University 
(EWU) will be restoring 120 acres of wheat field to prairie habitat on its campus in 
Cheney, WA. Cheney is near the northern edge of the Palouse Ecoregion, where prairie 
and Channeled Scablands are found in close proximity. Pseudoroegneria spicata will be 
a foundational species used in the seed mix at EWU for this project and there is a need 
for a better understanding of local genetic structure to select an appropriate propagule 
source. 
The objectives of this study were 1) to assess local populations of P. spicata for 
inbreeding, 2) to characterize the genetic structure of P. spicata in the Northern Palouse 
Prairie and Channeled Scablands of Eastern Washington, and 3) to determine a 
genetically appropriate commercial propagule source for EWU’s restoration project. I 
hypothesized that due to fragmentation caused by conversion to agricultural land, P. 
spicata populations in the Northern Palouse and Channeled Scablands would have signs 
of inbreeding. I hypothesized that Palouse sites and Scabland sites would be genetically 
distinct due to adaptation to different habitats within the sites. Finally, I expected 
commercially available P. spicata seed that was certified by the Washington State 
Department of Agriculture (WSDA) as source-identified certified to be more genetically 








The study area for this project was the Northern Palouse and Channeled 
Scablands in the state of Washington. Sampling locations fell within Spokane, Grant, 
Jefferson, and Lincoln Counties. The overall average annual temperature is 8.44°C and 
the average annual precipitation is 414.94 mm (Table 1, Prism 2021). EWU’s Restoration 
site is located within the town of Cheney, WA. This is located on an island of loess soil 
that was formerly part of the Palouse Prairie ecotype, surrounded by the Channeled 
Scablands in northeastern Washington.  
 Study Design 
Twelve plant tissue samples were collected from two sites in the Northern Palouse 
Prairie (Unnamed DNR land near Medical Lake, and Steptoe Butte State Park) and four 
sites in the Channeled Scablands (Unnamed DNR land on the Palouse River, Turnbull 
National Wildlife Refuge, Marcellus Shrub Steppe Natural Area Preserve, and BLM land 
near Hawk Creek) of Eastern Washington. Four sites were located on thin soil 
characteristic of the Channeled Scablands and two sites were located on deep loess soil 
characteristic of the Palouse Prairie. Sites were located across a range of latitudes, 
average temperatures, and average precipitation to cover locations in the two habitat 
types (Table 1). All sites were within 17.9 to 103 km of each other (Figure 1, Table 2). 
All sampling sites were public land, and permits were obtained where necessary. In 
addition to sampling sites, all tissue samples were collected from all plants that 





Table 1. Climate Data for Sampling Localities. Site names are as follows: Department of 
Natural Resources land on the Palouse River (DNR), BLM land near Davenport (Hawk 
Creek), Turnbull National Wildlife Refuge (Turnbull NWR), Marcellus Shrub Steppe 
Natural Area and Preserve (Marcellus NAP), Department of Natural Resources land near 








Ecotype Property type 





Hawk Creek 343.21 8.13 Channeled Scabland Federal 
Turnbull NWR 454.80 8.31 Channeled Scabland Federal 
Marcellus NAP 299.07 8.94 Channeled Scabland State 
Medical Lake 411.33 8.01 Palouse State 





Figure 1. Sample site locations with EPA level IV ecoregions. Note: Although DNR is 
located in the Palouse Hills ecoregion, its location along the Palouse River has soil 
characteristics more similar to the Channeled Scablands and it was considered as a 
Scabland site. The Medical Lake site is also located on a Loess Island site that is not 


















In addition to sampling on public land, seeds were obtained from BFI Native 
Seeds (BFI), and from the US Forest Service Coeur d’Alene Nursery (FS). The BFI seeds 
were collected from the same location as the Hawk Creek sample site, and then grown in 
seed increase lots. These seeds were a third-generation seed increase lot originally 
collected in 2010 (J. Benson Personal Communication May 28, 2019, J. Benson Personal 
communication 2010). BFI’s Hawk Creek Provenance seeds are source-identified 
certified from the WSDA for genetic purity, cross-pollination, and weed contamination – 
seed production fields are inspected twice per growing season for this certification (J. 
Benson Personal Communication February 25, 2021). US Forest Service Region 1 Zone 
1A seeds were collected from a much larger area and represent what the US Forest 
Service considers the seed provenance for the region including EWU’s restoration site in 
Cheney, Washington (N. Robertson, Personal Communication 2019). BFI is contracted to 
grow seed increase lots for the US Forest Service controlling for genetic artifacts that 
may have appeared as a result of different nursery practices. The US Forest Service seeds 
were a second-generation seed increase lot (J. Benson Personal Communication May 28, 
2019). Seeds from BFI and the Forest Service were planted in late April in a greenhouse 
at Eastern Washington University, with one seed per container using Sta-Green Potting 
Mix Plus Fertilizer and watered often enough to keep the soil moist.  
Plant Tissue Sampling 
To test for differentiation between plants growing in Palouse Prairie compared to 
Channeled Scablands, plant tissue samples were collected from six locations across both 




and four locations had thin rocky soil that is characteristic of the Channeled Scablands. In 
all sampling locations plants were randomly selected by tossing an object.  
To determine relatedness between local P. spicata populations and commercial 
seed, plants were germinated from two nurseries that provide a provenance for this 
region, the DNA from nursery sources was compared to the DNA from the six sampling 
locations in the Northern Palouse and Channeled Scablands. Additionally, plant tissue 
was sampled from the site where BFI Native Seeds collects for their Hawk Creek source-
identified seed (J. Benson personal communication July 5, 2019) to compare relatedness 
after seed production generations.  
DNA Extraction, Library Preparation, and Genotyping by Sequencing 
Approximately 24 mg of dry leaf tissue from each plant was spun on 
a Retsch mixer mill 300 (Retsch GmbH, Haan, Germany) with Ballcone steel shot 1/8 
inch at 28 Hz for 4 minutes to lyse plant cells. DNA was extracted using 
a MagMaxTM Plant DNA kit and a KingFisherTM Flex Purification System (ThermoFisher, 
Waltham, MA) per manufacturer’s protocol. DNA concentrations were normalized to 
12ng/μL using an epMotion P5073 (Eppendorf, Hamburg, Germany) and then restricted 
with PstI-HF and Msp1 at 37°C for 2 hours, then 65 °C for 20 minutes, barcoded with 
Illumina barcodes (Illumina, San Diego, CA), amplified with a Simpliamp TC 
(ThermoFisher, Waltham, MA), multiplexed, and sequenced with a HiSeq 2500 








Table 2. Pairwise geographic distances between all sampling sites 
Distance between Sample Sites (km) 
  Steptoe Butte DNR Hawk Creek Turnbull NWR Marcellus NAP 
DNR 17.9      
Hawk Creek 103 98.9     
Turnbull NWR 45.1 49.5 66.2    
Marcellus NAP 86.3 70.3 48.7 67.8   







Sequenced DNA was demultiplexed and aligned to a rough P. spicata genome by 
S. Larson at the Forage and Range Research Station in Logan, Utah. There were 25010 
genetic markers per plant, a minimum allele frequency of 0.05, at least 5 read counts per 
marker per plant, and less than 30% of the data were missing. The genotypic data were 
converted into a genind object using the “adegenet” package in R (Jombart 2008, Jombart 
and Ahmed 2011,). To make the data set more manageable and to pseudo correct for 
linkage disequilibrium, the genomic data were filtered. All loci with missing data were 
removed, then the dataset was filtered down to only informative loci with the “poppr” 
package in R (Kamvar et al. 2014, Kamvar et al. 2015, R Core Team 2020). The resulting 
dataset contained 2648 genetic markers for all 92 plant samples. Basic statistics were 
calculated using the “basic.stats” function in the “hierfstat” package (Goudet and 
Jomabart 2020).  
 Relatedness of Commercial seed and inbreeding 
To determine which commercial seed source was more closely related to 
sampling sites Nei’s Genetic Distance (Nei’s D) was calculated between populations 
using the R package “hierfstat” (Goudet and Jombart 2020, R Core Team 2020). Then an 
unweighted pair group method with arithmetic mean (UPGMA) dendrogram was drawn 
using Nei’s D to visualize genetic differences between populations using the “ape” 
package in R (Paradis and Schliep 2019, R Core Team 2020). To determine inbreeding 
within subpopulations, Inbreeding Coefficient (FIS) was calculated with 100 bootstraps 





 Differentiation based on climate 
To test whether there were patterns of differentiation with climate, thirty-year 
norm data were downloaded from the PRISM database for both precipitation and average 
temperature (PRISM 2021, Table 1). These data were loaded into QGIS Version 3.16.3-
Hannover and the data were extracted for each sampling location (QGIS Development 
Team 2020). Distance matrices were created for all physical sampling locations 
(excluding BFI and Forest Service plant material). Mantel tests with 999 permutations 
were run in the “ape” package in R to test for correlations between FST and precipitation 
or mean temperature (Paradis and Schliep 2019). 
Population Structure in the Northern Palouse and Channeled Scablands 
Multiple methods were used to test for population genetic structure within all the 
sampled sites; a principal component analysis (PCA) with a mantel test for differentiation 
over geographic distance, a spatial principal component analysis (sPCA) which 
specifically testes for differentiation across geographic space, and Bayesian cluster 
analysis in STRUCTURE version 2.3.4 (Pritchard et al. 2000, Falush et al. 2003).  
 A PCA was used to investigate for genetic differences between populations of P. 
spicata in the Northern Palouse and Channeled Scablands. The filtered dataset was read 
into “R” (R Core Team 2020) with the read.structure function in the “adegenet” package 
(Jombart 2008, Jombart and Ahmed 2011). Then the “dudi.pca” function was used to 
analyze the filtered dataset for differences between populations. A mantel test was 
conducted to investigate for spatial patterns in the data. After the mantel test, the sPCA 
function was used in the adegenet package to analyze for both spatial and genetic 




Team 2020). The plants that were grown from seed in the greenhouse were arbitrarily 
assigned one of two locations that belong to BFI Native Seeds for use with the sPCA. R 
did not recognize some of the sampling locations as different from each other. In order to 
use them for my analyses, I used the jitter function with a factor of 1.01 in the R base 
package to add some noise to the geographic locations. A similar technique has been used 
for plants grown in a greenhouse that only had a general source location for the seed 
(Massatti el al. 2018). Eigenvalues in the sPCA differ from those in normal PCA in that 
they represent both genetic diversity between sites, and geographic location within the 
area sampled (Jombart 2015). After running the sPCA on the dataset the “colorplot” 
function was used to visualize genetic differentiation across geographic space for P. 
spicata. 
STRUCTURE version 2.3.4 was used to assign individuals to populations 
(Pritchard et al. 2000, Falush et al. 2003). One benefit of using STRUCTURE is that it 
attempts to account for linkage disequilibrium by grouping populations so they are not in 
disequilibrium (Pritchard et al. 2000). The filtered dataset was converted to a 
STRUCTURE formatted file with PGDSpider version 2.1.1.5 (Lischer and Excoffier 
2012). The dataset was then read into STRUCTURE and run for 11 runs per K with 
correlated allele frequencies and the admixture model (Pritchard et al. 2000, Falush et al. 
2003). Each run had 100,000 Burn-ins and 100,000 Markov chain Monte Carlos. The 
results of the runs were analyzed for best K using the Evanno method in CLUMPAK and 
STRUCTURE HARVESTER; then DISTRUCT was used to visualize the results 






Genetic Distance, Inbreeding, and Local Adaptation 
 Slight differentiation was observed between populations of P. spicata in the 
northern Palouse Prairie and Channeled Scablands of Washington (FST 0.1441). All FIS 
values were negative indicating that they are not inbred, however Steptoe Butte samples 
had the lowest inbreeding coefficient, and the BFI samples had the highest (Figure 2). 
There are two distinct genetic groups within all samples, one contains Forest Service 
propagules, Steptoe Butte, and DNR; the other group contains BFI propagules with 
Medical Lake, Turnbull NWR, and Marcellus NAP, and Hawk Creek. The two sampling 
locations with the least genetic distance were Hawk Creek and Medical Lake (Nei’s D = 
0.0085), and the Two sampling locations with the most genetic distance were Forest 
Service and Medical Lake (Nei’s D = 0.3229, Figure 3). No correlations were observed 
between temperature and genetic distance (p=0.203), or precipitation and genetic distance 
(p=0.863). 
Population Structure of P. spicata in the Northern Palouse and Channeled Scablands 
The first principal component in the PCA explained nearly four times more 
variation than any other principal component (Figure 4). There was a significant genetic 
pattern associated with geographic location for P. spicata in the Northern Palouse and 
Channeled Scablands in Washington (Mantel test p≤0.001). Two genetic groups were 
identified using sPCA, one in the North and one in the south (Figure 5). There was more 
variation between sampling sites than within sites (Figure 6). There were no signs of 
differentiation between Palouse and Scabland sites, instead genetic differentiation is 




The best K value was chosen by DK for the STRUCTURE results in accordance 
with Evanno et al. (2005, Figure 7). Of the two commercial propagule sources tested, BFI 
plant material is more closely related to Medical Lake and Turnbull NWR, which are 
within 10 km to the North and South of the restoration site, respectively (Figure 8). There 
are two different genetic clusters of P. spicata in the Northern Palouse and Channeled 
Scablands (Figure 8). The first cluster includes the Northern Populations with seeds from 
BFI, and the second cluster includes the Southern Populations with seeds from the Forest 





Figure 2. Bootstrapped inbreeding coefficient (FIS) for each population with 95% 
confidence intervals. More negative values indicate less fixation of alleles within the 
population. Negative numbers indicate a population without inbreeding, a positive FIS 






FIGURE 3. UPGMA dendrogram using Nei’s Genetic Distance between sampling sites. 
The length of branches indicates the similarity between sites; sites with short branches 














Figure 4. PC1 vs PC2 from PCA. Samples are color-coded by sampling location. The 













Figure 5. Color-coded plot of Spatial Principal Component Analysis. The first PC is 
color-coded in red. Note: because actual collection locations for BFI and Forest Service 
propagules were unknown, Forest Service and BFI were arbitrarily given locations for 
BFI Native Seeds who produces them. BFI provenance is collected from within the 
HAWK Creek Site (J. Benson Personal Communication July 5, 2019) and the Forest 



















Figure 6. sPCA eigenvalues. Positive eigenvalues represent variation between sites and 




Figure 7. DK for each number of genetic clusters in STRUCTURE. K represents the 
number of genetic clusters identified by STRUCTURE. DK is based on the second order 
rate of change of the log probability of the correct number of genetic clusters, the value 

































Figure 8. DISTRUCT print out for K=2 (a), K=3 (b), K=4 (c), K=5 (d), K=6 (e), K=7(f), 
and K=8 (g) runs in STRUCTURE. Colors represent different genetic clusters. Each 
column represents one individual, and each block surrounded by the black line represents 








 My study identified two genetic clusters that varied along a latitudinal gradient 
from south to north and highlights the previously unstudied Northern Palouse and 
Channeled Scablands and did not support my hypothesis that populations would be 
differentiation with habitat (Figure 5). This study included two previously unstudied 
commercial provenance sources for P. spicata and investigated an area of the United 
States that to my knowledge has remained unstudied. My hypothesis that populations of 
P. spicata in the Northern Palouse and Channeled Scablands would have signs of 
inbreeding was not supported (Figure 2.). Plant material with a source-identified 
certification from the WSDA was more closely related to the northern sites, and Forest 
Service plant material from a large area was more closely related to southern sites, this 
did not support my hypothesis that source identified seeds (BFI) would be more closely 
related to sampling sites, instead BFI seeds were more appropriate for southern sites, and 
Forest Service Region 1 Zone 1 A for southern sites (Figure 3, Figure 5). 
Relatedness of Sample Locations and Seed Sources 
There were two different genetic groups within plants sampled for this study. The 
southern group would likely benefit from being planted with seed from the Forest 
Service, and the Northern group, which surrounds EWU’s Restoration site is more 
closely related to BFI’s Hawk Creek source-identified seed. Massatti et al. (2018) found 
differentiation from south to north and suggested that populations differentiated 
genetically as they followed new habitable area during the last glacial retreat. Perhaps the 
two genetic clusters identified in this study are part of those identified by Massatti et al. 




this. At this small scale, gene flow may occur over a great distance through pollen and 
seed dispersal, preventing genetic differentiation between Channeled Scabland and 
Palouse habitats. Although there are commercial germplasm sources for P. spicata that 
have been investigated in relation to geographic range, they are genetically most similar 
to the area where they were originally sourced (Massatti et al. 2018). Adding these two 
sources and understanding their relationships to nearby populations will allow land 
managers to choose appropriate seed sources. Interestingly, although plants grown from 
BFI’s Hawk Creek source-identified seed provenance are more similar to those sampled 
from Hawk Creek than Forest service plants, the Hawk Creek site is more closely related 
to Medical Lake and Turnbull NWR than it is to BFI propagules (Figure 3).  
 The genetic difference between seeds from BFI Native Seeds’ Hawk Creek 
provenance and that of the Hawk Creek site deserves further examination. It is apparent 
in the dendrogram, STRUCTURE results, and inbreeding coefficient that the third-
generation seed-increase lot from BFI’s Hawk Creek provenance is slightly less 
genetically diverse than Hawk Creek samples and seems to have a different genetic 
makeup (Figure2, Figure 3, Figure 8). Three potential sources of genetic differences are, 
crosspollination from natural populations nearby, crosspollination from neighboring 
seed-increase fields, or insufficient sample size at the Hawk Creek site. It is also possible 
that the one individual that belongs entirely to a different genetic group from the BFI 
samples was mixed in during processing at the nursery. BFI Native seeds separated their 
seed production fields by at least 50 meters in accordance with the guidelines from the 
Washington State Department of Agriculture (J. Benson personal communication April 




grasses by 300 to 365 meters, which might be more realistic for P. spicata (Darris 2005). 
Without sampling from natural communities near BFI’s seed-increase fields it is difficult 
to suggest which cause of hybridization is more likely, however it seems likely that the 
short separation between fields required by the WSDA might contribute. If nearby natural 
areas contain plants that are pollinating seed increase fields, the only way to avoid this 
would be to grow seed increase in an enclosed area, which would not be realistic for 
production. It is interesting to note that the Forest Service plants largely represent one 
gene pool (Figure 8). This might be an indicator that Forest Service plants grown at BFI 
are generally upwind of potential hybridization sources, so they have more genetic purity. 
The differences in inbreeding coefficient between BFI and Hawk Creek are likely the 
result of the three seed-increase generation distance from the natural population they 
were picked from and might not be noticeable in the first or second generation similar to 
FS plant material. During each generation of seed increase there are a plethora of 
opportunities to lose genetic diversity (Meyer and Monsen 1992, Basey et al. 2015). 
Although the cause of differentiation of BFI’s Hawk Creek Provenance from the 
collection site is unknown, a seed lot that is only the first-generation seed would probably 
be a better genetic representation of the local gene pool. 
Management Implications 
 My findings that there are two major genetic clusters in my sampling area suggest 
that seeds for a restoration in the Northern Palouse can be sourced from a nearby 
population that is at a similar latitude on either Palouse or Channeled Scabland habitat. 
Additionally, Steptoe Butte has the most within population variation suggesting that it 




 Of all sampling locations, Steptoe Butte State park contains the most within 
population variation (Figure 2). Due to the amount of genetic diversity within this site, its 
conservation could help it continue to be a pool of genetic diversity for the region and 
make it useful for future restoration and rehabilitation projects. Additional population 
genetics studies that include Steptoe Butte State Park for other species and comparing 
management between it and other natural areas in the region would help identify 1. If 
Steptoe Butte is a refuge of genetic diversity for multiple native species within the region, 
and 2. What management practices if any could have led to the higher level of genetic 
diversity compared to other sites. 
 The identification of potential hybridization of a local propagule source at BFI 
native seeds points to a need for changed practices at native seed nurseries. Accidental 
use of native plant hybrids in restoration or remediation can introduce novel genetic 
material to an area beyond its natural range (Winkler and Massatti 2020). Although 
unintentional hybrid availability from nurseries has been observed there is rarely 
evidence that it may have happened at the nursery (Basey et al. 2015, Winkler and 
Massatti 2020). Recognition of practices at native seed nurseries that increase the chance 
of hybridization and mitigation of these practices would help keep local native plant 
provenances pure. Because the Hawk Creek provenance from BFI is produced under the 
guidelines of the WSDA source identified certification program this suggests that WSDA 
might need to reevaluate the guidelines of the program for predominantly outcrossing 
species such as P. spicata. 
 Although the BFI seed source is the least genetically diverse of the two 




genetically diverse, restored population at EWU’s prairie restoration. Three seed-increase 
generations are near the limit before BFI refreshes their seed from a natural population (J. 
Benson Personal Communication May 28, 2019). Moreover, because Forest Service 
seeds are collected from a larger area, they would likely contain more genetic diversity 
than the initial starting Hawk Creek seed, making it difficult to compare the two sources. 
Studies on pollen dispersal for P. spicata would elucidate the possible need to separate 
seed production fields from each other by a greater distance to reduce the risk of 
accidental hybridization, however it would be nearly impossible prevent stochastic events 
that could lead to mixing of seed provenances. 
 Finally, this study highlights a need for continued research on the genetic 
structure and makeup of native plant materials used for restoration. More research is 
needed on management practices to improve the genetic purity of commercially grown 
restoration seed, and prevent the spread and novel genetic material beyond their native 
range. Others have already identified hybrids growing beyond their native range and 
suggest the use of genetic analyses to reduce the risk of transferring hybrids beyond their 
range (Winkler and Massatti 2020). Additionally, genetic analyses of other native plant 
species growing at Steptoe Butte and other large Palouse Prairie remnant sites would help 
justify continued preservation of these sites, and establish their potential as genetically 
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